Over the last decade, there has been a tremendous growth and exploitation of open source geospatial software and technologies. A combination of factors is driving this momentum including the contributions made by hundreds of OSGeo developers and the leading role played by the Open Source Geospatial Foundation (OSGeo), aiming primarily to support and promote the collaborative development of open source geospatial technologies and data. This paper seeks to map out the social history of collaborative activities within the OSGeo ecosystem. We used the archival logs of developers' contributions, specifically looking for boundary spanning activities where contributions crossed multiple projects. The analysis and visualization of these activities allow us to have a better understanding of the role of boundary spanning in the resourcing of each project, the incubation mechanism advocated by OSGeo, and the significance of the social interrelatedness among projects. The data consisted of the subversion (SVN) commit history made by individual developers in the programming code repository. We applied several network analytical and visualization techniques to explore the data. Our findings indicate that more than one in seven developers spanned multiple projects which potentially had the effects of shaping the projects' directions, and increased knowledge flow and innovation. Also the OSGeo's incubation mechanism provided an important encouragement for boundary spanning and increased knowledge sharing. By studying the social history of contributions, further tools can be developed in future to assist tracking of the social history, and make developers mindful of the significance of the interdependence among projects and hence continuously contribute to the healthiness of the OSGeo ecosystem.
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Introduction:
Open source development attracts a great number of participants from various backgrounds. Participants perform different roles to push forward the development cycles including code developers, software testers, policy makers, and normal users (Mockus et al. 2000) . They contribute to and influence development within open source communities, and themselves benefit by being involved in this ecosystem (Lerner and Tirole 2002) . Open source geospatial communities are a large group showing rapid growth in the last decade (Steiniger and Bocher 2009) . A more recent development among some communities is to have a formalised organisation to help assist projects developing under its umbrella. In the geospatial open source domain, this organisation is the Open Source Geospatial Foundation (OSGeo).
OSGeo
1 is a non-profit, non-governmental organization whose mission is to support and promote the collaborative development of open geospatial technologies and data (Mitchell 2010) . The foundation was formed in February 2006 to provide financial, organizational, and legal support to the broader free and open source geospatial community. It also serves as an independent legal entity to which community members can contribute code, funding and other resources, secure in the knowledge that their contributions will be maintained for public benefit. OSGeo provides a common forum and shared infrastructure for improvising cross-project collaboration.
OSGeo provides an umbrella organisation with multiple sub-projects applying to join (Mitchell 2010 with each other are more likely to be more innovative and attractive to developers (Kuk, 2010) . This paper seeks to examine the interrelatedness among projects based on the ways developers contribute to projects. Our premise is that having developers that contribute to and crisscross multiple projects can increase the liquidity of knowledge flow and sharing, and collectively move innovation forward.
The remainder of the paper is set out as follows. Section 2 outlines the data collection processes giving details about the database structure and a summary of the SVN data analysed. Data analysis is described in section 3, with results from social network analysis, development effort overlap, boundary spanning and the impact of OSGeo incubation. Limitations and future work are presented in section 4. The paper's conclusions are presented in section 5.
Data collection
Due to the openness, open source participants leave rich digital footprints online, especially for those people who directly contribute to the source code of a project. For example, they make comments to reflect the change of code; they also identify the places that code could be improved; they can even discuss how the code may be used in practice (Kogut and Metiu 2001) . This phenomenon also occurs in the OSGeo community. Our aim has been to collect data that reflects user activities when contributing to the development of software within OSGeo. Three publicly available data sources were identified for deriving contribution metrics: Subversion (SVN) code repository commits; mailing lists; and issue trackers (Gutwin, Penner et al. 2004 ).
SVN commits are used to track individual and aggregate contributions of source code and are taken directly from a project's source code repository. Most projects in
OSGeo use SVN to track and manage source code development, and it makes it easy to publicly fetch for analysis (see Table 1 ). The open source community also uses mailing lists to communicate with each other for a broad range of purposes. Each project has its own set of mailing lists and the whole OSGeo community has a general set of mailing lists for cross-project or organisational discussion. Issue trackers are another data source available to study the interaction between community members.
People report, create and assign bugs, tasks and feature requests within communities, at various scales, from branches to project to community. Here we focus on SVN commits as our data source, as they are easiest to access and understand. Further research will consider the other two types of data sources.
SVN commits reflect the development history of an individual project. They also reflect development interaction between users from different projects (Perera et al. ; Sowe et al. 2008) . SVN is a software versioning and a revision control system (Collins-Sussman et al. 2004) . Developers use SVN to maintain current and historical versions of files in projects, such as source code and documentation. SVN maintains versioning for file directories, source files, and file metadata. There are many other versioning control tools, like CVS (Cederqvist and Pesch 1993) and Git (Torvalds and Hamano 2010), but SVN is, historically, the most popular (Hammond et al. 2011 ).
The open source community has used SVN widely; nearly all OSGeo projects use SVN or provide an SVN mirror. A commit, in the context of SVN, refers to submitting the latest changes of the source code to the repository, making these changes part of the head version of the repository and then allowing them to be synchronised with other users. Therefore, people make commits when they make any change to the source code, and the changing records would reflect how that project's source code has developed. Thus it is a great source to analyse the process of collaborative coding in OSGeo.
There are three main types of SVN commits which are, essentially, three separate folders in each project: trunk, tags and branches (Collins-Sussman, Fitzpatrick et al. 2004 ). The trunk folder holds the main body of development, originating from the start of the project until the present. It generally has all the newest features. The tags folder is a point in time on the trunk or a branch that individual developers wish to preserve. The two main reasons for preservation would be that either this is a major release of the software, or this is the main stable point of the software before major revisions on the trunk were applied. The branches folder holds a copy of code derived from a certain point in the trunk that is used for applying major changes to the code while preserving the integrity of the code in the trunk. It always represents a smaller release and new features. SVN uses a standard method for locating those three sources. It all starts with a root repository URL, and then follows with the resource name. Therefore, once we know one resource address, it is easy to figure out the other resource addresses. For example, the commit path for the PostGIS project's trunk is http://svn.osgeo.org/postgis/trunk Each SVN commit message is well structured and we can retrieve it as a consistent rich data source. SVN Commits are stored internally within the repository but can be output in XML format using a command similar to the following:
Each commit includes data such as: revision, author, date, path and message. Table 3 shows an example from the deegree project. Each commit is a logentry message. Each logentry will show the unique revision ID within the project, it will also record who made the change to the code and what time it happened. SVN commits also record what files have been changed and the actions, such as adding, deleting or modifying a file. Developers usually leave a meaningful, human-readable message for each change as well, which provides the opportunity to do further text mining in future research.
All SVN commits data sources use this same format to host the message, regardless of whether it is trunk, tags or branches. The only differences are where those commits come from within the resource URL, and the msg tag which will have a different message. As with the message demonstrated below, we can easily understand that it is a commit from a tag by looking at the msg element.
We designed and implemented a data collection server to aggregate statistics on the public development activities within the OSGeo community. Based on the SVN commits standard, we designed and implemented a database as shown in Figure 1 . It was designed to be easy to add new commit logs and provide a quick query searching.
This database is also easy to adapt when we study new data sources. The design is implemented using SQLite3 2 for its flexibility. The data collection server was written in the Python 3 language and has been running and stable for more than three months from February 2011. At this stage of the project we only studied the mature projects that had already graduated from OSGeo Incubation. At the time of writing this paper, the database file had passed 300MB in size with more than 300,000 SVN commits records. These records were historic information from the SVN repositories of each OSGeo projects.
Data analysis
Through some basic analysis of the data, we found there are about 700 developers who have been actively contributing to the source code development and left their name on it. It is reasonable to expect that there are a much larger number of people who use the software but who do not contribute to the source code. More importantly, we find about 1 in 7 of the active developers contribute to 2 or more projects (see Figure 2 ). About 80% of the developers working on multiple projects only work on 2 projects. A small number of developers work on more than 5 projects. We even find one developer working for 7 different projects and who is also active in OSGeo community (see Figure 2 ). To study the social collaboration, we are interested in analysing those people who work on multiple projects. We describe the analysis process and results below from four successive angles: social network analysis; development effort overlap; boundary spanning; and the impact of OSGeo incubation.
Social Network Analysis
We have studied the OSGeo community by first adapting a social network analysis method (Scott 2000; Lopez-Fernandez et al. 2004) . Social network analysis applies network theory to social relationships. The social network is made up of individuals or organisations as nodes, which are tied or connected by one or more specific types of interdependency, such as common interest, knowledge sharing. The ties are the network edges. Nodes are the individual actors within the networks, and ties are the relationship between the actors. The resulting graph-based structure is often very complex and there can be many kinds of ties between the nodes. Research in a number of academic fields has shown that social networks operate on many levels (Barnes 1954; Barthes and Duisit 1975) , from families up to the level of nations, and play a critical role in determining the way problems are solved, organisations are run, and the degree to which individuals succeed in achieving their goals. The small world phenomenon (Watts and Strogatz 1998) is the hypothesis we are interested in for this research, saying that the chain of social acquaintances required to connect one arbitrary person to another arbitrary person anywhere in the world is generally short.
In this theory, the network comprises a number of cohesive groups or connected components. They are connected to each other via bridges or "short-cuts". These reasons have attracted us to study the social collaboration within OSGeo.
Development effort overlap
We can view the connection between projects by looking at the relationship of people importantly we find that they transfer knowledge and innovation between projects.
For example, the GeoServer project is partly built based on the GeoTools project.
There are a number of developers working on both projects. (Welsh 1994) . Apache Foundation is the opposite, it also holds many projects, but those projects are loosely connected (Roberts et al. 2006 ).
OSGeo's operation lies in the middle. It has many projects, but those projects are not considered as components of a giant system, they are all excellent in their own application areas. Those projects are also not loosely connected, as they all address geospatial subjects. This unique phenomenon significantly encourages the communication between projects in the OSGeo community. 
Boundary spanning
Boundary spanning describes the phenomena where people divide their time between different projects, linking the development between different projects across the "boundaries" of projects (Daft 2009 ). The linking could be information exchange, relationship building, and using "boundary objects" as a way to create shared meaning and trust across the boundary (Williams 2002) . It has been studied several times as a topic in leadership (Yip et al. 2009 Even though boundary spanning brings many benefits, boundary spanning still has trade-offs, especially in OSGeo code contribution. Because code contribution takes professional skills and project familiarity, it is a time-consuming activity. If people work on too many projects, they may not be able to contribute as significantly on a single project or even all projects at an average level. However, when people concentrate on single projects, they more easily sharpen their skills within the project.
Open source collaboration is different to other commercial organisation; developers may be more readily motivated by reputation. Boundary spanning connects to such a motivation, helping to enumerate a developer's contribution to innovation and knowledge transformation across projects. In practice, boundary spanning would be evaluated indirectly over time. Studying OSGeo's boundary spanning can help us understand the open source development organisation and stimulation. Table 3 and Figure 4 demonstrate the metrics for one boundary spanning developer who has been working on 7 projects. From the statistics, we can see his primary project is GDAL, but he also spends significant effort on MapServer and other projects. GDAL (Geospatial Data Abstraction Library) is an access and translation library for geospatial data formats. MapServer supports rendering maps from various data sources, using, in particular, the GDAL library. Similar to other projects, this person boundary spans different projects to transform the knowledge and innovation among them, thereby reducing development costs and increasing the development speed and code reuse across projects.
Incubation
The 
Limitations & Future work
The aim of this project is to study the social collaboration of the OSGeo community.
Even though this paper only introduces the project and the initial work being carried out, further research activities have been planned and more activities will be introduced as data collection and analysis improve. At present, we only collect SVN commits as a starting point to study the social collaboration in development. SVN commits records the history of project code evaluation. Yet SVN commits cannot help us measure the project delivery in a more precise way. There are three reasons for this.
1. Because, in practice, the SVN commits do not necessarily identify real people.
We can only find the SVN commits' user names but this is not a match to a real name and we cannot guarantee that multiple users don't share the same OSGeo is not only code developer driven, but also influenced by other contributors. Therefore, SVN commits is only a starting point as a data source.
We plan to collect mailing list and issue tracker data to enrich our data source in the next step. The study model introduced in this paper can also be applied for studies with those two sources. The particular value of this further research is to build a model to visualize the evolution of open source communities like
OSGeo.
This paper introduced a multidisciplinary research project at the University of Nottingham to study social collaboration networks in Open Source Geospatial (OSGeo) communities. It started by introducing the OSGeo community which is an international foundation with more than 20 collaborative open source projects. We then described the data collection on SVN commits from each mutual project to reflect user activities in OSGeo. We have built a server written in Python to capture a synchronous picture of the development evolution of the whole OSGeo community.
Based on existing data, we adopt social network analysis methods to explore the data.
We find that around 1 in 7 of developers is boundary spanning their development effort into multiple projects. Most of those who boundary span work on two projects, but we find some boundary spanners are able to manage contributions to a larger Table 3: Table to show how a real developer distributes his development contribution into seven different projects. Table 2 ). Yellow and purple dots identify two projects, GeoTools and GeoServer. Because they have dependency relationships, we find many contributors boundary spans both projects. 
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